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Abstract: In order to impart electrical conductivity to the magnesium alloy micro-arc oxidation (MAO) coating, the 
electroless copper plating was performed. Effects of plating temperature and complexing agent concentration on the 
properties of the electroless copper plating layers were studied by measuring their microstructure, corrosion resistance 
and electrical conductivity. It was found that the optimized plating temperature was 60 °C, and the most suitable value 
of the complexing agent concentration was 30 g/L. Under this condition, a complete and dense plating layer could be 
obtained. The formation mechanism of the plating layer on magnesium alloy MAO coating was analyzed. A three-stage 
model of the plating process was proposed. The square resistance of the plated specimen was finally reduced to 
0.03 Ω/  after the third stage. Through electroless copper plating, the MAO coated sample obtained excellent electrical 
conductivity without significantly reducing its corrosion resistance. 
Key words: electroless copper plating; electrical conductivity; MAO coating; magnesium alloy 
                                                                                                             
 
 
1 Introduction 
 

Magnesium alloy has great application 
potential in engineering and functional fields [1,2]. 
When it is applied in electronics, petrochemical, 
and radar communication fields, magnesium alloy 
devices are required to have not only good 
corrosion resistance, but also excellent electrostatic 
discharge capability [3]. Surface coating is 
considered to be one of the most effective  
methods to modify the surface characteristics of 
substrate [4,5]. The micro-arc oxidation (MAO) 
ceramic coating can greatly improve the corrosion 
resistance of magnesium alloy [6,7]. However, it 

has extremely poor electrical conductivity [8]. 
In general, there are three methods for surface 

conductive modification of MAO coating. The first 
is metal plating, and the common technique is 
electroless plating [9]. The second is to prepare 
organic conductive coatings. Specifically, it is 
divided into intrinsic conductive paint [10] and 
filled conductive paint [11]. The third is physical 
deposition coatings. The typical techniques are 
magnetron sputtering [12] and atomic layer 
deposition [13]. LI et al [13] fabricated an Al  
doped ZnO (AZO) film on a MAO coated AZ31 
magnesium alloy by using the atomic layer 
deposition method. The electrical conductivity of 
the composite coating was increased because of the 
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abundant oxygen deficiency in the AZO film. 
Among the three types of conductive modified 
coatings, the conductivity of organic conductive 
coatings is usually limited, while the physical 
deposition coatings have poor mechanical 
properties due to their thinness. The metal plating 
coating has both excellent electrical conductivity 
and good mechanical properties. 

In fact, there have been many reports on 
electroless plating on magnesium alloy metal 
substrates. However, due to the existence of the 
MAO ceramic intermediate layer on the alloy, the 
chemical activity of the sample surface is greatly 
reduced, thus the electroless plating on the 
magnesium alloy substrate and the MAO coating 
are completely different. At present, there have 
been only few studies on MAO treatment followed 
by electroless plating on magnesium alloy 
substrates. Even so, the purpose of this two-step 
treatment was more to take advantage of the dual 
coating characteristics just to enhance the corrosion 
resistance of the base alloy [14]. Firstly, the 
electroless plating layer could seal the micropores 
in the MAO coating to prevent corrosion by the 
etching solution. Secondly, the MAO coating could 
isolate the direct contact between the magnesium 
substrate and the plating metal, thus eliminating the 
galvanic corrosion between them [15]. Some only 
used the MAO coating as an intermediate coating to 
improve the adhesion of the plating layer [16]. The 
reason was that the numerous micropores in the 
MAO coating could provide anchor points for 
subsequent plating coatings. However, to the   
best of our knowledge, very few studies focused  
on the conductive modification of MAO coated 
magnesium alloy by electroless plating. LI       
et al [17] prepared an electroless nickel layer on 
MAO coated AZ31 magnesium alloy. The square 
resistance was tested, but more in-depth research on 
the formation mechanism, process optimization and 
comprehensive performance analysis was not 
mentioned. On the other hand, expensive palladium 
was usually used to activate the sample surface 
before plating in previous studies [18]. In this study, 
a palladium-free electroless plating technology was 
used to modify the conductivity of the MAO 
coating. Previously, since more attention had been 
paid to the corrosion resistance of composite 
coatings, nickel−phosphorus coating with better 

corrosion resistance was more common than copper 
or zinc coatings. As for conductivity, copper 
obviously shows better performance than nickel and 
zinc. Therefore, copper plating was adopted for 
conductivity modification in this study. 

In the present study, a palladium-free electro- 
less copper plating was performed on the MAO 
coated magnesium alloy to achieve the conductive 
character of the specimen. Specific attention    
was paid to the effects of plating temperature   
and complexing agent concentration on the 
microstructure, corrosion resistance, and electrical 
conductivity of the electroless copper plating layer. 
Finally, the surface morphology, thickness and 
electrical conductivity of the copper plating layer 
during the entire plating process were tracked and 
tested. And the reaction mechanism and formation 
mechanism of the electroless copper plating layer 
on magnesium alloy MAO coating were clarified. 
 
2 Experimental 
 
2.1 MAO treatment 

Pure Mg (≥99.95%) was chosen for the study 
because it can be used to obtain a uniform MAO 
coating to maintain the consistency of the substrate. 
Pure Mg rolled plates with a thickness of 3 mm 
were first ground up to 2000 grit and cleaned. A 
customized bipolar AC pulse power supply device 
(Jinchuangli AOM7DS, China) was used to conduct 
MAO treatment. The electrolyte was composed of 
3 g/L of NaOH, 10 g/L of Na2SiO3⋅9H2O and 
1.5 g/L of NaF, and the solvent was deionized water. 
MAO was performed in a constant voltage mode, 
where the positive phase voltage was 380 V, the 
negative phase voltage was 90 V, the duty cycle was 
10%, the frequency was 500 Hz, and the oxidation 
time was 5 min. 
 
2.2 Electroless copper plating 

Since the MAO coating presented a 
characteristic of densely arranged micropores, it 
had an effect of surface roughening. Therefore, the 
MAO coated specimen was treated as follows. 
Firstly, the specimen was immersed in the Tollens’ 
reagent of 0.06 mol/L for 2 min for activation 
treatment. Then, it was immersed in a 40 g/L 
NaH2PO2 solution for 2 min for reduction treatment. 
Finally, the specimen was immersed in a preheated 
plating solution for 30 min for electroless plating. 
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The plating solution was composed of 8 g/L 
CuSO4·5H2O, 15 mL/L HCHO, 12 mL/L CH3OH, 
50 mg/L K4Fe(CN)6·3H2O and 50 mg/L 2,2'- 
dipyridine, and 40 g/L NaKC4H4O6·4H2O was used 
as the complexing agent in deionized water. The  
pH value of the plating solution was adjusted to 
12.5. To study the effect of complexing agent 
concentration, the temperature and plating time 
were fixed at 60 °C and 20 min, respectively. To 
obtain the growth curve of the copper layer, 
specimens were plated at 60 °C with the 
NaKC4H4O6·4H2O concentration of 30 g/L for 
0.5−30 min. 
 
2.3 Microstructure characterization 

A scanning electron microscope (SEM, Zeiss 
Evoma10, Germany) equipped with an energy 
dispersive spectrometer (EDS, Oxford X-Max50, 
England) was used to examine the surface 
morphologies. The thicknesses of plating layers 
were derived from the SEM observations of the 
longitudinal section of each specimen. An X-ray 
diffractometer (XRD, Shimadzu 6100, Japan) was 
adopted to detect the phase constitution of the 
coating with a scanning rate of 6 (°)/min. 
 
2.4 Corrosion behavior test 

The potentiodynamic polarization (PDP) 
curves were measured in a 3.5 wt.% NaCl solution 
at room temperature using an electrochemical 
workstation (Shanghai CH Instrument CHI660E, 
China). A three-electrode electrochemical cell was 
used in the measurements, in which a saturated 
calomel electrode (SCE) was the reference 
electrode. The PDP curves were measured at a  
scan rate of 1 mV/s after stabilizing for 2000 s. 
Immersion tests were conducted by immersing the 
specimen in a 3.5 wt.% NaCl solution at room 
temperature. The solution volume to specimen 
surface area ratio was set to be 10 mL/cm2 during 
the immersion test. 
 
2.5 Electrical conductivity test 

The square resistances (R ) of specimens  
were measured using a four-point probe meter 
(Guangzhou Four Probes Tech RTS−9, China). An 
HP−504 type four-point probe was adopted in the 
test. The distances between the probes were 1 mm. 
Each specimen was measured three times and the 
average value was taken. 

 
3 Results and discussion 
 
3.1 Plating temperature 

Figure 1 shows the surface morphologies of 
the original MAO coating and plated specimens 
performed at different temperatures. As can be seen 
from Fig. 1(a), the MAO coating presented the 
typical “crater” accumulation morphology. After 
plating at 30 °C, only a small number of copper 
particles were scattered on the surface of the 
specimen. Most areas of the specimen surface still 
showed white color of the original MAO base 
coating. When the plating temperature was 
increased to 40 °C, much more copper particles 
were deposited on the surface of the specimen. 
However, there existed some missing plating areas 
on the surface of the specimen. The original MAO 
coating was still faintly visible. On the whole, it 
still showed obvious incomplete plating. At two 
lower temperatures of 30 and 40 °C, a complete and 
dense copper plating layer could not be formed on 
the MAO coating. While when plating at 50 and 
60 °C, things became completely different. After 
plating, the surfaces of the specimens were 
completely covered by a dense copper plating  
layer. Moreover, the specimen surfaces turned to be 
orange-red with metallic luster. When the plating 
temperature was further increased to 70 °C, it could 
be found that the plating solution became very 
unstable during the plating process. More and more 
red copper particles were suspended in the plating 
solution during the plating process. The resulting 
copper plating layer on the MAO coating therefore 
became looser. 

Figure 2 presents the XRD patterns of plated 
specimens performed at different temperatures. The 
results showed that the deposited copper existed in 
the form of pure copper for all the temperatures. In 
this study, the overall reaction of the electroless 
copper plating was presented in Reaction (1) 
according to Refs. [19,20]. This reaction is an 
endothermic reaction. At temperatures below 40 °C, 
the reaction took place more slowly. As a result, it 
could not generate enough reduced copper to form a 
dense plating layer. The increase in plating 
temperature made the reaction easier to take place. 
At an appropriate temperature of 50−60 °C, copper 
was reduced at an appropriate rate, and then densely 
deposited on the surface of the specimen. When the  



Tao LI, et al/Trans. Nonferrous Met. Soc. China 32(2022) 3950−3962 3953

 

 
Fig. 1 Surface morphologies of original MAO coating (a) and plated specimens (b−f) performed at different 
temperatures: (b) 30 °C; (c) 40 °C; (d) 50 °C; (e) 60 °C; (f) 70 °C 
 

 
Fig. 2 XRD patterns of plated specimens performed at 
different temperatures 
 
temperature increased to 70 °C the reaction became 
too violent. The plating solution suffered serious 
instability. Copper particles were rapidly reduced in 
the entire plating solution uncontrollably, and most 

of them were suspended in the solution rather than 
deposited on the surface of the specimen. 
 
Cu(C4H4O6)+2HCHO+4OH−=  

Cu+2HCOO−+H2↑+2H2O+(C4H4O6)2−      (1) 
 

Figure 3 shows the relationship between the 
square resistance of plated specimens and the 
plating temperature. For the specimen plated at 
30 °C, very few copper particles scattered on the 
surface of the specimen, and they could not form a 
continuous conductive channel for electrons, so the 
specimen maintained the high insulation state of the 
original MAO ceramic coating. For the specimen 
plated at 40 °C, although there was a phenomenon 
of missing plating, the square resistance value of 
the specimen was greatly reduced due to the 
formation of the basic conductive channels and the 
existence of the tunnel effect. As the plating 
temperature increased, the obtained copper layer 
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Fig. 3 Relationship between square resistance of plated 
specimens and plating temperature 
 
became denser and the square resistance value thus 
became smaller. When the temperature increased to 
60 °C, the square resistance value of the specimen 
reached its minimum. After that, if the temperature 
continued to rise, the square resistance value of the 
specimen showed a reverse upward trend due to the 
decrease in the quality of the copper plating layer. 
 
3.2 Complexing agent concentration 

Figure 4 shows the surface morphologies    
of the plated specimens obtained at different 
concentrations of the complexing agent. It can be 

clearly seen that different concentrations of the 
complexing agent lead to significant differences  
in the surface morphologies of the specimens.  
Both too low (20 g/L) and too high (50 g/L) 
concentrations of complexing agent resulted in 
incomplete copper plating and decreased quality  
of the copper layer. At the concentration of the 
complexing agent of 30 or 40 g/L, a complete 
copper plating layer could be formed on the surface 
of the specimen. In comparison, the copper plating 
layer formed at 30 g/L of complexing agent was the 
densest. 

When the concentration of the complexing 
agent was 20 g/L, only about 60% of the surface 
area of the MAO coating was covered by copper 
particles. And the surface of each deposited copper 
particle was rougher compared with those in the 
other three cases. When the concentration of 
complexing agent was low, there were some free 
copper ions without being complexed in the plating 
solution, and their activity was higher than that of 
the complexed copper ions. Therefore, the free 
copper ion underwent reaction as follows:  
2Cu2++HCHO+5OH−=Cu2O+HCOO−+3H2O   (2)  

Reaction (2) was an incomplete reduction 
reaction, and the produced Cu2O further underwent 
the following reaction: 

 

 
Fig. 4 Surface morphologies of plated specimens obtained at different concentrations of complexing agent: (a) 20 g/L; 
(b) 30 g/L; (c) 40 g/L; (d) 50 g/L 
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Cu2O+2HCHO+2OH−=2Cu+H2↑+H2O+2HCOO− 

(3) 
Reactions (2) and (3) occurred in the bath  

body, so the Cu generated by Reaction (3) was also 
dispersed in the bath. In fact, Reaction (1) required 
a catalyst, such as Ag or Cu, to be catalyzed to 
occur. The ideal plating situation should be that 
firstly the activated silver catalyzed Reaction (1) to 
occur on the surface of the specimen, and then the 
deposited copper continued to catalyze Reaction (1) 
to occur only on the surface of the specimen. 
However, due to the occurrence of Reaction (3),   
a large number of copper particles were also 
produced in the bath body of the plating solution. 
These copper particles could also further catalyze 
Reaction (1) to proceed in the solution body. For 
these reasons, the reduction rate of copper increased 
and the stability of the plating solution decreased. 
This eventually caused a large number of copper 
particles to be reduced but could not be effectively 
deposited on the surface of the specimen. The 
copper particles deposited on the surface of the 
specimen had a relatively rough surface due to the 
short inoculation time. Figure 5 presents the XRD 
patterns of plated specimens obtained at different 
concentrations of complexing agent. Although 
Reaction (2) could occur at an inappropriate 
concentration of the complexing agent, it occurred 
in the bath body and the intermediate products were 
finally reduced to copper according to Reaction (3). 
Therefore, no copper oxide was found in the 
coating deposited on the specimen surface except 
for pure copper. 
 

 
Fig. 5 XRD patterns of plated specimens obtained at 
different concentrations of complexing agent 

When the concentration of the complexing 
agent was too high (50 g/L), the complexing agent 
appeared to be surplus. The excessive organic 
matter could passivate the deposited copper surface 
and reduced its catalytic ability. Thus, the overall 
plating rate decreased. The result was that the 
plating layer was not dense and the plating was 
incomplete within a certain period of time. 

Figure 6 presents the PDP curves of plated 
specimens obtained at different concentrations of 
complexing agent. Table 1 lists the electrochemical 
data derived from the above PDP curves. As the 
results show, when the concentrations of the 
complexing agent were 30 and 40 g/L, the 
self-corrosion potentials (φcorr) of the plated 
specimens were nearly the same, and they were 
higher than those of the plated specimens    
which were obtained at the complexing agent 
concentrations of 20 and 50 g/L. This reflected that 
the plated specimens related to 30 and 40 g/L of 
complexing agent showed less susceptible to 
corrosion [21]. This was attributed to the formation 
of a complete copper plating layer on the surface of 
those two specimens. Furthermore, the specimen 
plated at the complexing agent concentration of 
30 g/L exhibited the lowest corrosion current 
density (Jcorr). Besides, it also presented the highest 
linear polarization resistance (Rp) compared with 
the other three specimens. The highest Rp and the 
lowest Jcorr indicated that under the same 
environment, Specimen 2 had the lowest corrosion 
rate. This was mainly because the copper plating 
layer formed on the surface of the specimen was the 
densest for the complexing agent concentration of 
30 g/L, just as revealed in Fig. 4(b). In addition, it 
 

 
Fig. 6 PDP curves of plated specimens obtained at 
different concentrations of complexing agent 
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Table 1 Electrochemical data of PDP curves 
Specimen No. Complexing agent concentration/(g·L−1) φcorr(vs SCE)/V Jcorr/(A·cm−2) Rp/(Ω⋅cm2) 

1 20 −1.446 2.777×10−3 15.8 

2 30 −1.403 1.564×10−5 2538.3 

3 40 −1.402 6.555×10−4 65.6 

4 50 −1.461 1.877×10−3 23.1 
 
was precisely for this reason that obvious 
passivation behavior was also found in the anode 
region of the PDP curve referring to 30 g/L. All 
these results reflected that the plated specimen, 
obtained at the complexing agent concentration of 
30 g/L, had the strongest corrosion resistance. 

Figure 7 shows the relationship between the 
square resistances of plated specimens and the 
complexing agent concentrations. For the specimen 
plated at the complexing agent concentration of 
20 g/L, the surface morphology observation  
showed that most of the surface areas of the MAO 
coating were covered by copper particles. The basic 
conductive channels were connected, although the 
channel might be relatively tortuous. Thus, a 
moderate value of the square resistance of an order 
of 101 Ω/  was obtained. When the concentrations 
of the complexing agent were 30 and 40 g/L, the 
copper plating layer became very dense. And the 
values of the square resistances were therefore 
reduced to an order of 10−2 Ω/ . Considering that 
the size of the tester probes was much larger than 
that of the defects in the copper plating layer, a few 
tiny holes in the plating layer did not visibly affect 
the square resistance value. Furthermore, both layers 
basically achieved densification, and the minimal 
number of defects did not affect the transfixion of  
 

 
Fig. 7 Relationship between square resistance of plated 
specimens and complexing agent concentration 

the conductive channel. When the concentration of 
the complexing agent was increased to 50 g/L, the 
quality of the copper plating layer was significantly 
deteriorated, as shown in Fig. 4(d). Therefore, the 
square resistance value was reversed to increase. On 
the whole, as the concentration of complexing  
agent increased, the square resistance value    
first decreased and then increased. When the 
concentration of the complexing agent was 30 g/L, 
the plated specimen exhibited both strong corrosion 
resistance and excellent electrical conductivity. 
 
3.3 Microstructure and performance evolution 

Figure 8 shows the surface morphologies and 
EDS results of specimens after plating for different 
time. After 0.5 min of plating, a small number of 
scattered copper precipitates could be found on the 
surface of the sample. As the plating time increased, 
more and more copper precipitates were deposited 
on the surface of the sample. Until 2 min, these 
copper precipitates all appeared to be in a loose 
state with poor crystal shape. But at the time of 
5 min, not only the amount of copper precipitates 
further increased, but these precipitates aggregated 
into many compact particles with good crystal 
shape. Before 5 min, basic occurrence was the 
precipitation of copper and the inoculation of 
copper particles. The sample surface was still 
occupied by a large area of the original MAO 
coating. At 10 min, the surface of the sample was 
basically covered by copper particles, and only a 
small area of the MAO coating was faintly visible. 
From 5 to 10 min, the copper particles showed 
significant growth. In the subsequent time, the 
copper plating layer gradually became complete and 
was further densified. That is, after 10 min, the 
main thing that occurred was the densification of 
the copper plating layer. In summary, the electroless 
copper plating process on the magnesium alloy 
MAO coating could be divided into three stages: 
the first stage occurred in the first 5 min, mainly  
the inoculation of copper particles; the second stage 
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Fig. 8 Surface morphologies (a−g) and EDS results (h) of specimens after plating for different time: (a) 0.5 min;     
(b) 1 min; (c) 2 min; (d) 5 min; (e) 10 min; (f) 20 min; (g) 30 min 
 
occurred from 5 to 10 min, mainly the growth of 
copper particles; the third stage occurred after 
10 min, mainly the densification of copper plating 
layer. According to the above discussion, the 
reaction mechanism and formation mechanism of 
the electroless copper plating layer on magnesium 
alloy MAO coating were concluded in the schematic 
diagram of Fig. 9. 

Figure 10 presents the thickness of electroless 

copper plating layers as a function of plating time. 
As analyzed above, in the first 10 min of electroless 
plating, the inoculation and growth of copper 
particles mainly occurred. During this period, a 
complete copper plating layer was not formed. 
Therefore, the thickness of the copper plating layer 
was counted as zero until 10 min. Since then, the 
thickness of the copper plating layer continuously 
increased. Under the conditions that the effective 
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Fig. 9 Schematic diagrams of reaction mechanism (a) and formation mechanism (b) of electroless copper plating layer 
on magnesium alloy MAO coating 
 

 
Fig. 10 Thickness of electroless copper plating layers as 
function of plating time 
 
components in the plating solution were sufficient, 
the thickness of the copper plating layer and the 
plating time were basically linear. Based on this, the 
target thickness of copper plating layer can be 
obtained by controlling the plating time. After 
10 min, the surface of the sample was almost 
completely covered by copper. The copper further 
catalyzed Reaction (1) to continue. Since the 
number of copper catalytic sites was similarly the 
same, the reaction rate was nearly constant. And 
finally, the thickness of the plating layer presented a 
linear relationship with the plating time. This means 
that in the third stage of the electroless copper 

plating process, the main controlling factor for 
Reaction (1) was the number of catalytic sites. 

Figure 11 shows the square resistances of 
plated specimens as a function of plating time. 
Unlike the evolution of thickness, the evolution of 
square resistance underwent a huge transformation. 
At the time of 5 min, since a small number of 
copper particles did not yet form an effective 
conductive channel, the specimen presented a huge 
square resistance order of 105 Ω/ . As the copper 
particles grew, when the time came to 10 min, most 
of the surface areas of the specimen were occupied 
by copper particles, as shown in Fig. 8(e). As a 
result, the square resistance of the specimen 
dropped significantly to the order of 100 Ω/ . With 
the densification of the plating layer, the square 
resistance of the specimen dropped to the order of 
10−1 Ω/  at 15 min and to the order of 10−2 Ω/  at 
20 min. Subsequently, although the thickness of the 
plating layer still increased, the square resistance of 
the specimen decreased slowly and it finally 
maintained at 0.03 Ω/ . In summary, the square 
resistance of the specimen experienced a huge drop 
in the first two stages, during the first 10 min. This 
was mainly due to the change of the specimen 
surface from a highly insulating MAO ceramic 
coating to a copper plating layer with good 
electrical conductivity. Since the third stage was 
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mainly the densification of the copper plating  
layer, the conductive channels have already been 
established, so the square resistance was only 
reduced by two orders of magnitude. 
 

 
Fig. 11 Square resistance of plated specimens as function 
of plating time 
 
3.4 Comprehensive performance 

Although the goal of this study was to   
pursue good electrical conductivity, the corrosion 
resistance of the material is also crucial in practical 
applications. Based on this consideration, a 
comparative study on the corrosion resistance of 
specimens in different surface states was carried  
out. Figure 12 shows the PDP curves of bare Mg 
specimen, MAO coated specimen and MAO/Cu 
coated specimen. As can be seen, the MAO coated 
specimen exhibited the highest φcorr and the lowest 
Jcorr; while the bare Mg specimen exhibited the 
lowest φcorr and the highest Jcorr. The results of   
the MAO/Cu coated specimen were somewhere in 
between. In order to visually demonstrate the 
corrosion resistance of the three types of specimens, 
the macroscopic corrosion morphologies after 
immersion for different time are shown in Fig. 13. 
After being immersed for 30 min, the bare Mg 
specimen was severely corroded. At this time, only 
a small number of corrosion spots appeared at the 
edges of the MAO/Cu coated specimen, while for 
the MAO coated specimen, the corrosion sites just 
emerged. The MAO coated specimen still showed 
the best corrosion resistance until it was immersed 
for 500 min. After being immersed for 1000 min, 
the bare Mg specimen was almost completely 
corroded, but the difference between the corrosion 
degree of that of the MAO coated specimen and the 
MAO/Cu coated specimen was not very significant. 

In summary, in a wet environment, electroless 
copper could induce galvanic corrosion, making the 
specimen more prone to pitting corrosion. However, 
for the MAO coated specimen, once the MAO 
coating was broken down to form corrosion spots, 
the corrosion would rapidly expand to the 
surroundings through the magnesium alloy matrix 
and damage the MAO coating due to volume 
expansion. Thus, from a long time period, the 
corrosion resistance of the MAO/Cu coated 
specimen did not decrease significantly compared 
with that of the MAO coated specimen. 
 

 
Fig. 12 PDP curves of specimens in different surface 
states 
 

In this study, after being plated with the copper 
layer on the magnesium alloy MAO coating, the 
square resistance of the specimen was finally 
reduced to 0.03 Ω/ . That shows a perfect electrical 
conductivity. WANG et al [22] once prepared    
an electroless copper plating layer on AZ91 
magnesium alloy MAO coating, and finally 
measured the square resistance of the sample     
to be 0.07 Ω/ . FU and LI [23] prepared electroless 
nickel plating layers on three different MAO 
coatings of AZ91 magnesium alloy, and the square 
resistances of the samples were in the range of 
0.19−2.05 Ω/ . Magnetron sputtering can be also 
used prepare various types of coatings on the 
substrate. Depending on the type and composition 
of the coating, it has a wide range of electrical 
conductivity. VLČEK et al [24] prepared several 
Zr−B−C−N films with high electrical conductivity 
on p-type Si(100) or glass substrates by pulsed 
magnetron sputtering. The square resistances of 
these films were measured to be 0.41−0.66 Ω/ . 
While in another work conducted by SHIBATA 
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Fig. 13 Macroscopic corrosion morphologies of specimens after immersion for different time 
 
et al [25], silicon-doped diamond-like carbon films 
were prepared on glass substrates by magnetron 
sputtering. The square resistance of these films was 
104−106 Ω/ . As for conductive polymer coatings, 
their conductivity is generally poor. Polyaniline is a 
typical conductive polymer. The square resistances 
of the polyaniline modified conductive polymer 
coatings that were also several microns thick  
could be as high as 106−1013 Ω/  according to 
Refs. [26,27]. In summary, in this study, by 
performing electroless copper plating on the 
magnesium alloy MAO coating, the sample 
presented excellent electrical conductivity without 
significantly reducing its corrosion resistance. 
 
4 Conclusions 
 

(1) The increasing plating temperature could 
promote the electroless copper plating reaction, but 
the stability of the plating solution decreased as the 
temperature increased. The optimized plating 
temperature was 60 °C. 

(2) Too low and too high concentrations of 
complexing agent caused incomplete plating and 
decreased quality of the copper layer. At 30 g/L 
complexing agent, the plated specimen exhibited 
both strong corrosion resistance and excellent 
electrical conductivity. 

(3) The electroless copper plating process on 
the magnesium alloy MAO coating could be 
divided into three stages with time points of 5 min 
and 10 min, which were the inoculation of copper 
particles, the growth of copper particles and the 
densification of copper plating layer. 

(4) Through electroless copper plating, the 

MAO coated sample obtained an excellent electrical 
conductivity with a very low square resistance of 
0.03 Ω/ . Meanwhile, it exhibited only slightly 
reduced corrosion resistance. 
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镁合金微弧氧化涂层上化学镀铜层的 
显微组织和导电性 
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摘  要：为了赋予镁合金微弧氧化(MAO)涂层以导电特性，对 MAO 涂层进行化学镀铜处理。通过测试镀层的显

微组织、耐蚀性和导电性，研究镀覆温度和络合剂浓度对化学镀铜层性能的影响。结果表明，最优镀覆温度为  

60 ℃，最佳络合剂浓度为 30 g/L。在此条件下，可获得完整、致密的镀层。分析镀层在镁合金 MAO 涂层上的形

成机制，提出镀覆过程的三阶段模型。镀后试样的表面方阻在经历第三阶段后降低至 0.03 Ω/ 。通过化学镀铜，

MAO 样品在未明显降低耐蚀性的同时获得了良好的导电性。 

关键词：化学镀铜；导电性；MAO 涂层；镁合金 
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